INTRODUCTION
The filtration of the thousands of compounds in cigarette smoke, 1350 of which have been identified (1) , depends on three fundamental phenomena: 1. Mechanical interaction, in which the solid or liquid particles are mechanically trapped by the filter material. The efficiency of mechanical filtration depends on the size of the aerosol particles, aerosol velocity, and physical form of the filter. The factors affecting mechanical filtration were described in detail by Overton (2) , Reynolds (3), and Keith {4). 2. Elution of smoke components, in which certain compounds are trapped initially on the filter and subsequently are eluted from the filter by the aerosol stream. This phenomenon was studied by Curran and Kiefer (5). 3· Selective removal, in whidt there is some chemical or physical interaction between the filter material and certain smoke components at a molecular level. This selective filtration by cellulose acetate is probably limited to the "semivolatile" compounds (boiling point 10D-J00° C).
Although a large number of compounds are known to be selectively removed from smoke (6--sl) , very little is known about the fa-ctors which affect the selective filtration of these compounds. It is widely believed that one criterion for the selective removal of a given compound from cigarette smoke by flltration is that the compound be in liquid·vapor equilibrium. Therefore, selective removal of a compound will depend on its vapor pressure or perhaps on its rate of vaporization.
A second criterion for selective removal of a smoke compound by a filter is that the compound has an affinity for the filter material. A smoke compound which is in liquid·vapor equilibrium in the filter should dissolve in or react with the filter material. When this happens, the compound should be irreversibly removed from smoke. The purpose of this work was to detennine whether there is a correlation between the seledive filtration of certain smoke components and certain physical measure· ments and properties of the compounds. Such a correlation would help in the prediction of whidt smoke compounds might be removed selectively by filters. In this study, a correlation was found between selective removal of smoke compounds and the equilibrium distribution of these compounds between cellulose acetate and air. A further correlation was found between the· selective filtration of certain smoke components and their relative rates of vaporization and solubility parameters.
THEORY
The selectivity, 5", of a filter for a given compound may be expressed by a number of dimensionless quantities (1o-12). The expression S" = (:r-RTP.M)/(:r-Rx) [1] was developed by Davis and George (10) and was used in this work: RTPM and R" are the fractional retention of TPM (total particulate matter) and component x, respectively.
The equilibrium distribution coefficient, I<.!, for filter material was calculated by the use of equation 2: (g compound x/g filter) Kd= (g compound x/cmS air)
[>]
The rate of vaporization of aromatic substances is of great interest in the perfume industry. Scientists in this field (:13, 14) have found that the rate of vaporization, Rv, can be described by:
where k is a constant, P is the vapor pressure of the compound, M is the molecular weight of the compound, and D is the diffusion coefficient of the compound. The solubility ·parameter, 3, of a compound is used to predict and interpret solubility in a semiquantitative manner (16) . The solubility parameter is given by:
where -E is the cohesive energy of the liquid, and Vt is the molal volume of the liquid. The value (6A -6B) 2 is a measure of the energy of mixing for components A and 8 and is therefore a measure of the affinity of these two compounds. Estimated values of the solubility parameters for most compounds are obtained from their heat of vaporization, vapor pressure, and solubility data.
EXPERIMENTAL

Determination of Selective Filtration
A determination of semivolatile smoke compounds which was described previously (6) was used to measure the filtration of some of the compounds in cigarette smoke. The method is based on the gas chromatographic separation of semivolatile smoke compounds on a 16o m glass capillary column. The details of the method are given in a previous publication. Other selectivity data were taken from publications of Graham (7) and Waltz and Hiiusermann (8) . All of the filtration data for cellulose acetate filters containing triacetin were converted to selectivity coefficients using equation 1.
Determination of Distribution Coefficients
A 10 mm filter segment (5o-6o mg) which had been previously dried was placed in a recording electrobalance (Cahn Instrument Co~) and the weight was recorded on a strip chart recorder ( Figure 1 ). The balance chamber was evacuated to approximately o.1 Torr. Vap~r from the test compound was admitted into the sample inlet to attain a pressure of 0.2 to 20 Torr depending on the compound, and the pressure, P, was recorded. The system was closed to the vapor source, and dry air was admitted to bring the system to atmospheric 
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pressure. The weight of the filter was recorded as it absorbed the vapor until equilibrium was reached. The distribution coefficient, Kd, was calculated from the amount of vapor absorbed by the filter and its concentration in the air· of the closed system. Ideal gas behavior was assumed at the very low vapor conce~tration (approximately 5 X 1o· 4 atm) so the total weight of compound in the chamber initially was calculated from the ideal gas law. The weight of compound in the vapor at equilibrium was calculated by difference: gx in air = gtotal -gx in filter.
[6)
The equilibrium distribution coefficient, Kd, was then calculated by equation 2.
Rate of Vaporization
Values for the nominal coefficient of vaporization were calculated from the quantity PMD' 1 •. The vapor pressure of the compounds was taken from the literature (17) or from a computer file maintained by the Design Data Research Laboratory at Tennessee Eastman Company. Diffusion coefficients were calculated from equation 4 with the aid of a computer program. The input to the program consisted of the name and molecular weight of the compound, and the types and numbers of atoms in the compound. A tabular output was obtained with the names of the compounds and their diffusion coefficients listed for 1o 0 increments from 15 to 85° C. Values for solubility parameters were taken from the literature (18), or they were calculated from heat of vaporization data or solubility data.
RESULTS AND DISCUSSION
Correlation of Distribution Coefficient (Kd) with Selective Filtration
The data in Figure 2 Relationship between selectivity and distribution Coefficients. variation in the temperature of filter could influence the selective filtration of specific smoke components. This could account for some of the scatter in the data in Figure 2 . This tec:hnique. may be used to experimentally predict the removal of certain smoke components.
Correlation of Physical Parameters with Selective Filtration
For a compound to be selectively removed· from cigarette smoke by a filter, a significant portion of the compound should be in a vapor state as it passes through the filter. Secondly, the compound should have some affinity for the filter medium. This work is an 
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1 . . 5 Figure 3· A general increase in the selective removal of compounds occurs with increasing solubility parameter. This trend is somewhat surprising considering that the total solubility parameters for cellulose acetate and triacetin are 11.1 and 10.7, respectively. Usually, a measure of the solubility or affinity of two components is given by (6A -6B) 2 • Thus, one might expect compounds with a. total solubility parameter of about 11 to -have an optimum affinity for cellulose acetate· filters. However, after one puff of smoke is tak~ on the cigarette, water and particulate matter from smoke a,re present on the filter. The presence of these .substances, particularly water, must affect the subsequent removal of the polar smoke compounds. Thus, the very polar compounds suc:h as pyrrole (6 = 1J.6) are removed to a greater extent than compounds ofintermecliatepolarity (6 = 11).
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The relationship of the selective removal, Sx, as defined ·by equation 1 to the nominal coefficient of vaporization, R'v, is shown by Figure . To determine if· a correlation exists between the vaporization rate, solubility parameter, and the selective filtration of smoke compounds by cellulose acetate, a nonlinear regression analysis was performed. The data were found to fit the following equation:
[7]
The values for the constants b 0 , bt and b2 are -2.51, 0.28, and o.o1, respectively. Table 2 is a comparison of the actual selectivity data on the compounds investigated to the selectivity calculated from equation 7· The correlation coefficient for the observed and calculated values of Sx is 0.94; the average difference between these two values is 10 0/o. The experimental selectivity values depend on both the accuracy of the TPM removal and the removal of component x. This work shows that it is possible to predict if a compound will be selectively removed from smoke by cellulose acetate filters. A compound having a nominal coefficient of vaporization of 10 2 and a high solubility parameter (6= 13) will be selectively removed from cigarette smoke by cellulose acetate filters containing triacetin.
SUMMARY
The purpose of this investigation was to attain a better understanding of the selective removal of certain compounds from cigarette smoke by filters. A gas chromatographic method for the determination of selected semivolatile smoke compounds was developed. The method, which utilizes a 160 m glass capillary column, was used to determine the efficiency of filters for the 
